In the previous two papers we reported on the occurrence and fine structures of multiple types of basal-granulated or endocrine cells in the human duodenum and pyloric antrum. In duodenal mucosa derived from surgical operations five types of endocrine cells were identified among which EC cells (enterochrmaffin cells) and D-like cells were especially numerous.
In the antral mucosa which was taken by biopsy four cell types were differentiated of which G cells or presumed gastrinsecreting cells predominated. Essentially every basal-granulated cell extended its cytoplasm to the lumen of crypts or glands and here the apex of the cell was covered with a tuft of microvilli and showed pinocytotic invaginations and vesicles (KOBA-YASHI, FUJITA and SASAGAWA, 1970; SASAGAWA, KOBAYASHI and FUJITA, 1970) .
In the present study the endocrine cells in the corpus of the human stomach were examined under the electron microscope. Mucous membrane pieces were taken by per oral biopsy under direct observation by a fiber-gastroscope which has recently become popular in the clinic.
Our knowledge of the hormones produced in the corpus of the stomach is very poor in comparison to those of the pyloric antrum and small intestine. As to the morphological aspects of the endocrine cells of this region, electron microscope studies on some mammals by the research group in Pavia are available VASSALLO, SOLCIA and CAPELLA, 1969) . The research group extensive studies on amine metabolism in the gastric endocrine cells by means of fluorescence histochemistry. PEARSE and his associates (1970) , in their light and electron microscope studies of the human gastro-intestinal mucosa taken during surgical operations, described three different types of "endocrine polypeptide cells" in the gastric fundus.
In spite of these valuable contributions, the distribution, structure and natural history of the fundic endocrine type cells are insufficiently known.
Material and Method
Pieces of fundic mucosa were taken by biopsy under direct vision through a fiber-gastroscope (vide infra).
The tissues were fixed for 4hrs in 2.5% glutaraldehyde buffered at pH 7.2 with 0.1M phosphate, rinsed for 30min in the buffer mixed with sucrose, and postfixed for 2hrs in 1.3% osmium tetroxide in the * This work was supported by a research grant (No. 48412) A cytoproceess may be inadequate because it seemed possible that the "process" might correspond to the profile of the thinned margin of a disc-like cell.) A perpendicular process towards the glandular lumen was never found in 184 endocrine cells encountered in the present study.
A more or less extensive portion of the cell base directly faced the basement membrane.
Other portions of the cell base were undermined by the lips of other, exocrine cells.
The nuclei of the cells were round or oval and they also tended to be elongated horizontally. Nuclei with irregular indentations were found occasionally. Chromatin granules were moderately gathered beneath the nuclear membrane; nucleoli were generally inconspicuous.
The specific granules generally were gathered in the infranuclear portion of the cytoplasm.
In some cells they occurred only in a small end portion of a cytoplasmic process. Table 1 One or several Golgi complexes with well-developed lamellar elements occurred in the supra-, para-or occasionally even in the infranuclear regions. Their vesicular elements often enclosed small granules identical with the specific granules.
Flattened cisterns of rough-surfaced endoplasmic reticulum were moderately dispersed in the cytoplasm but in some cells they were gathered in a lamellar stack near the nucleus. Free ribosomes were generally abundant and mainly clustered in rosettes.
Mitochondria with usual cristae were rather uniformly distributed in the cell. Their number, size and shape varied among cell types.
Lysosomes of lamellar and other various fine structures occurred occasionally in different cell types.
A pair of centrioles were encountered near the nucleus. It was not known whether they occurred constantly in fundic endocrine cells, though we were inclined to suppose that. The centrioles occasionally were found in the infranuclear cytoplasm which was never the case in the endorine cells of the duodenum and pyloric antrum.
Types of fundic endocrine cells
Five different types of fundic endocrine cells were identified in the specimens from each of the seven patients examined.
The characteristics in fine structure of the cell types will be described now.
EC cell (enterochromaffin cell)
This type of cell corresponded in fine structure to the EC cells described in our previous studies on the human pyloric antrum and duodenum, except that they lacked apical cytoplasmic processes and showed less conspicuous polarity in the arrangement of cell organelles.
In some EC cells the large specific granules (about mitochondria were relatively large and mostly showed oval profiles. (Fig. 1 ). Besides this type of EC cell with large granules which occurs rather rarely in the fundic region, there were more often found cells with granules of the density and shapes characteristic of EC cells but of about half their size. The mitochondria of this type cell were small and elongate (Fig. 2, 3) .
In both subtypes round vacuoles often occurred surrounding and among the specific granules. Lipid-like granules, larger than the latter, were seen occasionally.
Endocrine cell of a second type
This type of cell closely resembled the second type cell in the duodenum in our diameter)
were round, solid and considerably electron dense. A smooth limiting membrane closely surrounded the granule substance.
The mitochondria of this cell were moderate in number and relatively large, showing mostly round profiles (Fig. 4) .
Endocrine cell of a third type
This type cell was believed to correspond to the third type endocrine cell described in the pyloric antrum and duodenum in our previous studies. The specific membrane closely encircled the granule substance which appeared finely granulated in texture and moderate in electron density. Large droplets of lipid-like appearance and different densities were occasionally mingled. (Fig. 6 ).
This type of cell was characterized by abundant filamentous material which surrounded the nucleus and extended into the peripheral cytoplasm dividing the organelles and granules into some groups (Fig. 5, 6 ). The mitochondria of this cell were moderate in number and appeared mainly as thin threads (thickness as small as the granule diameter).
EC-like cell
The cells now to be described under the designation given by HAKANSON and The EC-like cell was characterized not only by these polymorphous granules but also small and numerous mitochondria. The mitochondria were partly dispersed among the specific granules but partly gathered into a dense group of their own.
They were characteristically small; their profiles were mostly oval and partly more or less richly in the cytoplasm of EC-like cells (Fig. 7-9 ).
D-like cell
The specific granules of this type cell could not be distinguished from the D cell granules of the pancreatic islet. Cells with corresponding granules were much more numerously found in the duodenum and pyloric antrum in our previous studies.
closely encircled the granule substance which was finely granular in texture and moderate in electron density (Fig. 10, 11 ). The mitochondria were oval or elongated in profiles and were larger in size than in the preceding two cell types.
The population of endocrine cells
The endocrine cells, on the whole, were much fewer in the human gastric fundus than in pyloric antrum and duodenum observed in our previous studies. In the present study 184 endocrine cells were encountered and the number of cells falling in each cell type was counted. This count (Table 2 ) may serve to indicate the population of cell types only very roughly. Table  2 Fig As the present materials derive from patients who visited the clinic because of some gastric disorders, the findings obtained should be evaluated as to whether they 10 11 can be regarded as indicative of normal states of tissue or not. By the use of a fiber-gastroscope we could choose the stomachs and the sites of biopsy with mucosal lesions as slight as possible and this selection of material was made further at the levels of light microscopy and electron microscopy of sections. An increase in plasma cells and some granulocytes in the lamina propria mucosae was the only pathological change recognized in the specimens selected. Thus, the final materials were believed to be nearly, if not completely, normal tissues. That the populations of different types of endocrine cells were not very divergent from case to case may support this estimation. Neither abnormal grouping nor increase in endocrine cells as reported by RUBIN (1969) in the atrophic gastric mucosa from pernicious anemia patients was found in any of the tissues observed in the present study. EC cells were reported to be few in the gastric fundus of the cat (VASSALLO, SOLCIA and CAPELLA, 1969) but they were rather ample in the fundus of the rabbit . It has been noticed in man (PEARSE et al., 1970) and in animals VASSALLO, SOLCIA and CAPELLA, 1969 ) that the EC cell granules in the stomach are smaller than those in the intestine. In the present study both large-granule and small-granule EC cells were found, though the latter were by far more numerous. It remains unknown whether both represent independent cell types or there are transitional forms.
Second type cell
The probable equivalence of this cell characterized by large round granules was found in human duodenum in our previous report (KOBAYASHI, FUJITA and SASAGAWA, 1969) .
It seems to correspond to the "L cell" (large granule cell) shown in Figure  15 in the paper by PEARSE et al. (1970) . These authors write that this type of cell was numerous in the duodenum but do not mention its occurrence in the gastric fundus. Although the name "L cell" derives from the Italian authors VASSALLO, SOLCIA and CAPELLA, 1969) , the cells labeled with this name in different papers by those authors and by PEARSE seem to be different from each other.
Third type cell
This cell type characterized by small round granules and ample filamentous material was found also in the human antrum and duodenum. This cell may probably correspond to the "endocrine-like cells" found by RUBIN (1969) to be unusually increased in the atrophic gastric gland of a pernicious anemia patient. The cytoplasmic filaments whose nature is unknown generally serve as a reliable criterion of this cell type, though small amounts may also occur in the second type and D-like cells.
D-like cell
This type of cell is distinct because of the characteristic structure and density of its granules which appear identical with pancreatic D cell granules. It corresponds to the "intestinal D cell" of . The occurrence of the D-like cell is much less frequent as compared with the antrum and duodenum (KOBAYASHI, FUJITA and SASAGAWA, 1970; SASAGAWA, KOBAYASHI and FUJITA, 1970) . In the human stomach, PEARSE and his associates (1970) recognized this cell in the pyloric antrum but seem to have not found it in the fundus.
EC-like cell
This type cell seems to occur usually in the gastric fundus and only rarely in the antrum in man (PEARSE et al., 1970) . The designation "EC-like cell" originates in the paper by HAKANSON and OWMAN (1967) The possible products of the fundic endocrine cells
Little is known on the hormones secreted from the endocrine cells of the gastrointestinal tract. Agreement of some authors is found only in the view that the G cells are the site of gastrin production (FORSSMANN et al., 1968; PEARSE et al., 1970; SASAGAWA, KOBAYASHI and FUJITA, 1970 The D-like cells were proposed by us as the possible site of secretin (KOBAYASHI, FUJITA and SASAGAWA, 1970; SASAGAWA, KOBAYASHI and FUJITA, 1970) . It seems unknown whether secretin, besides its main distribution in the duodenum and the pyloric antrum (see GREGORY, 1962) , might occur in the gastric fundus.
Cells similar in granule structure to the pancreatic A cells were claimed to occur in the stomach of the rat (ORCI et al., 1968) , rabbit and cat and their possible relation to enteroglucagon was considered.
No A-like cells, however, were encountered in the present and previous specimens of human gastro-intestinal mucosa. As for other types of fundic endocrine elements, no hypotheses on their possible hormones can be proposed at present, though it seems to us very likely that every type corresponds to one of the known or unknown hormones of proteinic (polypeptide) nature.
The occurrence of Golgi-bound granules and well developed rough endoplasmic reticulum in every type of the cells supports this hypothesis. These structures are also seen in the EC and EC-like cells which are known to be involved in the production and storage of 5HT and/or other amines. Along with PEARSE and his associates (CARVALHEIRA, WELSCH and PEARSE, 1968; PEARSE, 1968; PEARSE et al., 1970) , we suppose that these cells, besides their activity in amine metabolism, produce proteinic hormones.
The present results on the morphology of endocrine cells may indicate that at least five different hormones are produced in the fundic gland epithelium of the human stomach.
The possible roles of the cells and their hormones in the normal functions of the stomach and other organs as well as their significance in the pathogenesis of and effect on gastro-intestinal diseases all comprise problems for future study.
Summary
The endocrine cells in the fundic mucosa of the human stomach taken by biopsy using a fiber-gastroscope were examined under the electron microscope.
1. The endocrine cells are concentrated in the deeper portion of the fundic glands. More or less flattened in shape, they lie on the basement membrane towards which the secretory granules of the cell are accumulated. 2. In contrast to the endocrine cells in the pyloric antrum and duodenum which open to the lumen with a cytoplasmic process, the corresponding cells in the human gastric fundus are enclosed in the basal part of the epithelium.
The possible functional significance of these open and closed cell types was discussed.
3. Five different cell types were identified in the fundic endocrine elements:
(1) EC cells; (2) 
